The study consisted of two parts: 1. The standard system in use at our hospital for gas delivery under the drapes during eye surgery under local anaesthesia was compared with one incorporating a venturi. 2. The oxygen concentration at the operation site was measured with three methods of draping using the two systems.
In 1995 over 5,000 operations were done under local anaesthesia at the King Khaled Eye Specialist Hospital, Riyadh, Saudi Arabia (KKESH). The standard procedure is to make patients comfortable on two sponge mattresses (double thickness), to seal the operative site from the space under the drapes and to deliver a fresh gas flow of 6 l/min 100% oxygen under the drapes. The delivery tube is attached to a surgical screen, delivering oxygen a few inches above the mouth and nose via a 2.5 cm diameter tube.
On occasions, patients undergoing eye surgery under local anaesthesia have complained of problems with breathing and claustrophobia. Because it is difficult to assess the importance of such complaints, one author (Y.K.B.) subjected himself to these conditions (standard KKESH technique), excluding the block. The experience was sufficient to satisfy him that the management of our cases was not optimal, and that gas measurements were warranted. The problem was awareness of deeper breathing. It was decided to compare our standard system with one incorporating a venturi (from the Hudson Multi-vent Air Entrainment Mask) set to deliver 26% oxygen on a fresh gas flow of 3 l/min 100% oxygen. With air entrainment this is claimed by the manufacturer (Hudson, Oxygen Therapy Sales Co., Temecula, CA, U.S.A.) to deliver a fresh gas flow of 47 l/min. Saudi patients are remarkably stoical and uncomplaining in nature. With this absence of communication, we do however experience the unco-operative patient, where the cause, possibly a breathing problem, is further obscured by the high incidence of deafness, senility in some cases, sedation and limited vocabulary. We therefore decided to include in the study group, volunteers who were articulate and not sedated, in the hope that any comments they chose to make would indicate the merits of the two gas delivery systems used. No details of the systems or the trials were discussed with them. However, the different sound and volume of the venturi could have alerted them to the fact that some change had been made. The volunteer group were not matched for age with the patients, were all ASA 1-2, unlike the patients who were ASA 1-4 and they had no premedication or blocks so that in no way could they be included as a control group. Their function was purely to assess and perhaps relate their subjective response to the conditions provided by the two gas delivery systems. Because the venturi system was evidently superior to the standard system in use in our hospital, no informed consent was obtained from patients. The volunteers were informed and witnessed the testing, and willingly assisted with the study. The project was, nevertheless, submitted to and approved by our Human Investigation Committee.
MATERIALS AND METHODS

Part 1
Twenty-three patients scheduled to have surgery under local anaesthesia were chosen at random for the study. In addition, for the reasons given in the introduction, a group of 31 volunteers from the operating room staff were submitted to the identical conditions (excluding the eye block and sedation), using both gas delivery systems. This group was comprised of seven anesthetists, one surgical resident, seventeen certified registered nurse anaesthetists or operating room nurses, two interpreters, two technicians and two transporters. It was hoped that this would allow us to determine if subjective responses could be related to gas levels, age or other factors. Each patient received a peribulbar block using a mixture of 2% lignocaine, 0.5% bupivacaine and hyaluronidase.
The parameters recorded on each subject were: pulse, blood pressure, respiratory rate, peripheral oxygen saturation by pulse oximetry, electrocardiograph, end-tidal carbon dioxide, and oxygen and carbon dioxide concentrations under the drapes, using both gas delivery systems on each subject.
The patients were premedicated with one or a combination of some of the following: diazepam 2 mg to 5 mg, morphine 3 to 5 mg, pethidine 25 to 40 mg, diclofenac SR 100 mg, Revacod (codeine 20 mg, paracetamol 1000 mg) (Arabab Pharmaceutical Manufacturing Co. Ltd, Jordan) and cimetidine 200 mg. Unfortunately, five anaesthetists were premedicating the patients, so no standard premedication was given. Volunteers received no peribulbar block and no premedication.
Patients and volunteers were placed on a double layer of sponge mattresses, with a pillow under the knees. The head was placed on a 10 cm thick sponge with a cavity shaped to accommodate the occiput. To achieve flexion of the cervical spine (position of comfort), folded cotton sheets were put between the sponge and the head. In addition to the standard oxygen delivery system, the venturi delivery system was secured so that both gas outlets, 2.5 cm diameter in each case, were adjacent. A Datex Capnomac II gas analyser (Datex Instrumentarium, Helsinki, Finland) with the sampling tube placed on the sternal notch, measured oxygen percentage and carbon dioxide partial pressure (mmHg) under the drapes. The nostrils were tested for patency. A Hewlett Packard capnograph (Hewlett Packard Cardiac and Respiratory Monitor, GMBH-78345A, Germany) after calibration, was attached to a 2 inch piece of No. 6.5 mm endotracheal tube, which was inserted about a quarter inch into the more patent nostril and secured. A little 2% lignocaine jelly was used to alleviate discomfort in the nostril. A Criticon Dinamap™ blood pressure monitor (Model 1846SX, U.S.A.), OHMEDA Biox 3700E pulse oximeter (FMVTO 1290, BOC, U.S.A.) and Hewlett Packard ECG monitors were connected and baseline readings taken.
The patient (or volunteer) was draped with the Kimberley Clark Eye Pack Rec No. 88711C (under license: Arabian Medical Products Man. Co., Saudi Arabia), and the Mini Incise Steri-drape D1035 (Medical Concepts Development Inc., U.S.A.) was used to seal the operative site from the space under the drapes, and oxygen was led under the drapes from one of the systems, either 6 l/min oxygen from the standard system or 3 l/min with the venturi system. The two delivery systems were attached to a surgical screen which supported the drape a few inches above the mouth and nose.
In some cases the standard system was used first and in others the venturi system. The systems could be changed without disturbing the patients or the drapes. Measurements were taken every five minutes. After 30 minutes the other system was used and measurements taken every five minutes for 30 minutes. The volunteers were not told which system was being used and were encouraged to offer comments during or after the trial. No details of the trial were discussed with the volunteers, but the greater gas volume and sound of the venturi system would have been noticeable.
Part Two
Draped with the Kimberley Clarke and "Steridrape" drape mentioned above, the oxygen concentration at the operative site was measured in six volunteers using both systems with the OHIO oxygen monitor 201 (Ohio Medical Products, U.S.A.). The drapes were removed and with free draping (no occlusive drape), the oxygen concentrations at the operative site were again measured using both systems. The same six volunteers using both systems, were also draped with one layer of standard cotton drape, sealed over the bridge of the nose and infraorbital areas with one-inch wide adhesive tape. Oxygen concentration measurements at the operative site were again taken.
Experimentally an attempt was made to cause a fire using the Stortz unipolar diathermy machine model 440E (Radionics Inc., U.S.A.). The normal operating setting on this machine is 25 or 30. The output in watts on this machine for coagulation is:
Dial Setting
Watts 25 2 35 5 50 9 70 (max) 16
We utilized dial settings of 25, 30, 35, 40, 45 and 50, making contact with the materials normally present during eye surgery in atmospheric air and with 26% oxygen blowing onto the diathermy forceps from the venturi system (3 l/min oxygen). In spite of intermittent sparking, no flame could be produced when making contact with the Kimberley Clarke drape, "Steri-Drape", latex surgical gloves, cotton drape, K sponge (K 20-5000 Katena Products Inc.), Visitec 1047 (Visi Wipe Instrument wipe, U.S.A.), Q-Tip, 4/0 braided silk (Puritan Hard Products Co., U.S.A.), 10/0 monofilamentous polyamide, 8/0 Vicryl (Ethicon, U.S.A.) and a 4 x 4 cotton gauze swab.
Statistical analysis of gas levels under the drapes was done by our Research Department using a paired t-test to compare the difference in means between the two systems.
RESULTS
There was a statistically significant difference in oxygen and carbon dioxide concentrations under the drapes between the two systems.
In all 54 cases the oxygen saturation increased. There was no significant change in pulse rate, blood pressure, respiratory rate or ECG.
In three cases only was there a significant rise in P ET CO 2 . In one patient, the capnograph reading rose from 54 mmHg (baseline) to 82 mmHg. This patient had a history of heart surgery, asthma, non-insulindependent diabetes and metabolic acidosis. Premedication was pethidine 40 mg and promethazine 12.5 mg. In another the P ET CO 2 rose from 49 mmHg to 62 mmHg. In this patient premedication was diazepam 5 mg and morphine 4 mg. In one 60-year-old volunteer the P ET CO 2 rose from 42 mmHg to 65 mmHg (no premedication). In the other subjects the P ET CO 2 showed no significant change.
In spite of the fact that only three showed a significant rise in P ET CO 2 , twelve of the 31 volunteers stated that their breathing was more comfortable when the venturi system was in use (blind study). Comments made when the standard system was in use included "air hunger", "felt I was quietly suffocating", "had to concentrate on my breathing", and "deeper breathing".
Eighteen of the 31 volunteers complained of a painful occiput; 18 subjects fell asleep at some stage; six subjects had lumbosacral discomfort; three had neck pain; three had finger pain from the pulse oximeter; one had thoracic spine pain. One patient with large arms complained of pain when the Dinamap cuff inflated. She had a rectangular area of a rash where Velcro had been in contact with her skin. Three volunteers complained that the gases under the drapes were "cold and dry" when the venturi system was in use.
The oxygen concentrations at the operative site are shown in Table 2 . posable facemask (Hudson) firmly attached to the face and passing 5 l/min oxygen through a sidehole, they demonstrated an increase in inspired CO 2 (in this micro-environment) from 0.2% to 1.6%, i.e. rebreathing. Without the oxygen ventilation the inspired CO 2 reached 2.2%. This latter group of subjects all complained of sensations referable to "hyperpnoea". Zeitlin 2 et al and Sabo 3 et al measured the carbon dioxide concentrations under the drapes using 5 l/min fresh gas flow and 10 l/min fresh gas flow. Their results are shown in Table 3 .
DISCUSSION
These values are high compared with ours using 6 l/min fresh gas flow, i.e. 5.3±3.1 SD mmHg. As no attempt was made to control the gap between the drapes and the side of the table, variations could be due to a greater or lesser factor of dilution occurring through this gap.
Zeitlin likens the breathing conditions under the drapes to the Mapleson E. system. Mapleson's 4 study supported by Woolmer 5 , showed that a fresh gas flow of twice the patient's volume was required to take care of rebreathing in his systems B-E. Zeitlin justifies a 10 l/min fresh gas flow on this basis. The free mixing of gases under the drapes can in no way be likened to a system in which respiratory gases are enclosed in a length of large bore tubing with a dedicated fresh gas flow. The pertinent criterion is the actual concentration of carbon dioxide under the drapes (and the patient's level of sedation). Zeitlin discontinued his trial on two subjects, one on account of headache and one unifocal premature ventricular contractions. In the latter case, had the fine dividing line between patient comfort and patient safety been crossed?
Sabo talks of patients under the drapes being "fraught with problems due to smothering feelings". In spite of measurements of carbon dioxide of 9 mmHg and 14 mmHg, she concludes that fresh gas flows of 10 l/min and 5 l/min are acceptable.
The important difference between these groups and our volunteer group is in sedation. Zeitlin's patients were sedated with either diazepam (1.25-10 mg) or midazolam (1-5 mg) together with fentanyl (0.025-0.15 mg). Sabo's patients were sedated with midazolam and fentanyl or brevital and fentanyl combinations. She does not give the dose ranges. Our volunteers were not obtunded with any medication and this would explain their readiness to complain.
Maintaining normal blood gas levels does not presuppose an optimal technique, but rather that the body's homeostatic mechanisms are functioning. The burden (work of breathing) of maintaining normocarbia in patients who are starting to become compromised may be responsible for the level of discomfort seen in a proportion of our volunteer group. In the lightly premedicated patient, as seen in McCarthy's 6 article (paracetamol 1000 mg only), the lower carbon dioxide levels achieved with the use of a venturi system will provide greater patient comfort and come closer to providing optimal conditions under the drapes.
When oxygen enriched mixtures and cautery are used simultaneously, the potential for flame production rises. Other measures to prevent fires include allowing time for cleaning materials containing alcohol or aerosols to dry completely and vapours to disperse before using cautery; the use of a compressed air purge under the drapes; discontinuing the oxygen flow for one minute before cautery is used; the use of the lowest cautery temperature (energy) necessary to cause haemostasis; allowing dilution of gas under the drapes with ambient air; the use of a 70% helium mixture and the use of "safety drapes" which withstand combustion in 32% oxygen 7 .
Lederman 8 reported a fire with a fresh gas flow of 5 l/min of oxygen using "Steri-Drape" 1060 Special Incise Drape. "Steri-Drape" is not flame retardent according to the manufacturers. However, they could not reproduce the flame experimentally in atmospheric air. Likewise Gibbs 9 reported a fire using "Steri-Drape" and could only reproduce it experimentally in an oxygen enriched environment. It would seem that oxygen leaks occur in spite of occlusive drapes. Other workers 10,11 have reported fire using supplemental oxygen under free draping. Greco et al measured an oxygen concentration of 53.5% under the drapes and 26.3% at the operation site 11 .
This contrasts with our measurements of 40-90% at the operation site using 100% oxygen at 6 l/min. The readings ranged between 40 and 60% in five cases, and reached 90% in one case only.
The literature indicates that feeding 6 l/min of 100% oxygen under occlusive drapes is potentially hazardous (due to leaks) and is positively dangerous with free draping.
The study demonstrates that 26% oxygen does not constitute a fire hazard using some standard draping
